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ABSTRACT

Objective: This work looks at the valuation of two medicinal plants growing wild in the region of Gharb (Chenopodium ambrosioides L. and 
Rosmarinus officinalis L.) through the study of their antibacterial and antifungal effects vis-à-vis Xanthomonas fragariae, Pseudomonas aeruginosa, 
Staphylococcus aureus, and two fungal strains; Fusarium solani and Botrytis cinerea.

Methods: The extraction of essential oils from each plant was carried out by hydrodistillation in a Clevenger-type apparatus. The antibacterial and 
antifungal tests of essential oils are carried out according to the method of diffusion using sterile discs (or aromatograms). Results are expressed in 
inhibition areas.

Results: Antibacterial activity of essential oil of R. officinalis L. is best compared to that of C. ambrosioides L. with an area of inhibition that is shared 
by 1661.06 and 1384.74, respectively, for bacteria X. fragariae and P. aeruginosa, while this area is between 2122.64 and 2826 mm2 for F. solani and 
B. cinerea. Moreover, the essential oils of these two plants by the method of disk diffusion feature a very significant inhibitory effect on X. fragariae and 
P. aeruginosa, whereas they have no effect on S. aureus.

Conclusion: The essential oils of C. ambrosioides L. and R. officinalis L. could be used as preservatives in food, to protect them from microbial or fungal 
spoilage.
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INTRODUCTION

Morocco, by its biogeographic position, offers a great ecological and 
floristic diversity. It is one of the Mediterranean countries that have a 
long medical tradition and traditional herbal know-how. This natural 
wealth, however, is opposed by a scarcity of the strategies adopted 
for its exploitation. The majority of species are still poorly known and 
largely under-exploited [1]. At present, the traditional use of medicinal 
plants is still a source of medical care in developing countries [2] and 
is increasingly important there [3]. According to the World Health 
Organization, three-quarters of the world’s population use traditional 
medicine and pharmacopeia to cope with health problems [4]. These 
plants are widely used in traditional medicine by local populations 
due to their phytotherapeutic properties, particularly in the case 
of gastrointestinal and respiratory disorders and, as antioxidants, 
preservatives, and aromas.

Recent studies have shown that essential oils and their constituents 
have significant potential as antimicrobials and in several industrial and 
medical fields [5,6]. Rosmarinus officinalis L. is a perennial shrub whose 
stem, up to 2 m high, is covered with a greyish bark, it is divided into 
many opposite and tortuous branches. The narrow leaves are green and 
shiny on the upper side. The purple-blue flowers, visible from January 
to May, are grouped at the end of the shoots at the base of the leaves. 
Chenopodium ambrosioides L. is an upright herbaceous plant, annual, 
or perennial, with more or less pubescent twig stems and an aromatic 
smell when pressed [7]. In Morocco, little work has been devoted to 
the study of the antibacterial and antifungal activity of the essential 
oils of C. ambrosioides L. and R. officinalis L. Thus, this work concerns 
the valorization of these two plants by studying their antimicrobial 
activities in relation to four bacterial strains and two fungal strains.

METHODS

Plant material
Aerial samples (stems and leaves) of C. ambrosioides L. and R. officinalis L. 
were purchased and then dried at room temperature (24°C) for 7 days 
in the laboratory where the extraction of essential oil was carried out, 
the preparation of the powder and extracts for the bios tests took place.

Preparation of inoculum and aqueous and ethanolic extracts
The inoculum of the strains tested was carried out on four bacterial 
and two fungal strains whose origin data are presented in Table 1. Near 
cultures of Pseudomonas aeruginosa MC1 [8], Xanthomonas fragariae [9], 
S. aureus, and in the nutrient broth are incubated at 26°C for 24 h. About 
6 mm diameter agar discs of a mushroom culture of at least 7 days are 
used with a Pasteur pipette. The number of spores is counted using a 
Hemocytometer under photon microscope and solution 6 must contain 
about 10 spore/ml [10].

Aqueous extracts
After drying, the various parts of C. ambrosioides L. and R. officinalis L. 
are crushed using a Moulinex-type crusher to obtain a powder. Fifty 
grams of each powder are suspended separately in 1l of distilled water. 
The whole is brought to a boil for 20 min. Then, filtration is carried out 
on three layers of gas bung. The resulting filtrate is oven dried at 65°C 
to obtain a dry residue. Subsequently, a stock solution of 10 mg/ml was 
prepared in sterile distilled water for each plant [11].

Ethanolic extract
Five grams of powder from each plant were macerated in 100  ml 
of 99.9% ethanol for 24 h in the shade with continuous agitation at 
room temperature. The extract is filtered and dried at 65°C at constant 
weight [12].
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Extraction and yield calculation of essential oils
The extraction of the essential oils from each plant was carried out by 
hydrodistillation in a Clevenger-type apparatus [13]. Three distillations 
were made by boiling, for 6 h, 290  g of fresh plant material with 1 l 
of water in a 2 l flask topped by a 60 cm long column connected to a 
refrigerant. The water and oil separate by density difference.

The essential oil yield was determined in relation to the dry matter. 
The essential oil was stored at 4°C in the dark in the presence of 
anhydrous sodium sulfate until its use. The essential oil yield is the 
ratio between the weight of the oil extracted and the weight of the 
treated plant. It is expressed as a percentage and calculated by the 
following formula:

RR=(Pb/Pa)×100

Pb: The weight of the essential oil. Pa: The dry weight of the treated plant.

Antibacterial and antifungal activity of essential oils (direct 
contact technique)
Antibacterial tests are carried out according to the method reported by 
Remmal et al. and Satrani et al. [14,15]. The essential oil is emulsified 
by a 0.2% agar solution to disperse the compounds and improves 
their contact with the germs tested. Dilutions are prepared in 1/10, 
1/25, 1/50, 1/100, 1/200, 1/300, and 1/500 in this agar solution. 
In test tubes, each contains 13.5  ml of solid medium Mueller–Hinton 
for bacteria and potato dextrose agar (PDA) for fungi, 1.5  ml of each 
dilution is added to obtain the final concentrations of 1/100, 1/250, 
1/500, 1/1000, 1/2000, 1/3000, and 1/5000 (v/v). Then, we shake the 
tubes before pouring them into Petri dishes. Controls containing the 
culture medium and the 0.2% agar solution alone are also prepared.

Sowing is done by spreading using a Pasteur pipette. The latter is in the 
form of a nutritious 24-h culture broth for bacteria and in the form of a 
suspension in the physiological water of spores from a 7-day culture in 
the PDA for the mushrooms.

Incubation is done at 37°C for 24 h for bacteria and 7 days at 26°C for 
fungi. Reading is done the next day for bacteria and after 7  days for 
fungi, the boxes considered positive are those with visible colonies.

Dissemination technique by discs (Vincent technique)
To test the antimicrobial activity of the essential oils of each plant, we 
used the antibiogram method by diffusion from discs impregnated with 
pure essential oil. The media cast in Petri dish are seeded with 1 ml of 
108 CFU/ml bacterial suspension for X. fragariae bacteria, P. aeruginosa, 
and S. aureus, and a sporal suspension of 106 CFU/ml for Botrytis 
cinerea and Fusarium solani was prepared. Excess inoculum is removed 
by aspiration. A volume of 5 μl of essential oil is deposited on sterile 
Whatman paper discs 6 mm in diameter. In parallel, controls are used to 
verify the growth of the different strains [16]. The results are expressed 
as an inhibition area.

Susceptibility of bacterial strains to antibiotics
The resistance profile of bacterial strains is determined by the Mueller 
and Hinton medium diffusion method. Antibiotics commonly used in 
therapy have been retained. The antibiotic discs tested each contain µg: 
Ampicillin (10 µg), tetracycline (30 µg), ciprofloxacin cefotaxime (CIP) 
(5 µg), and erythromycin E15 (15 µg). Antibiotic discs were applied to 
Mueller–Hinton medium covered by a 6 8 inoculum of 10 CFU/ml for 
P. aeruginosa and 10 CFU/ml for S. aureus and X. fragariae. After 24 h 
of incubation at 37°C, strain resistance or sensitivity is determined by 
measuring the diameter of the inhibition zone. Each test is repeated 
3 times.

RESULTS AND DISCUSSION

Average yield of C. ambrosioides L. and Rosmarinus officinalis L. essential 
oils was about 0.6% and 1.5%, respectively. Various authors reported 
variable yields, between 0.8% and 1.79% [16,17]. This variability in the 
yields of the essential oils of the two plants can probably be due to the 
variation of the stage of growth, pedoclimatic conditions, harvest period, 
harvest time, and drying. Several studies relating to the drying of aromatic 
and medicinal plants indicate considerable changes, particularly in 
quantitative terms, in the level of essential oils. However, if a plant is not 
dried under good conditions, it may degrade and, as a result, lose all its 
essential oils [18]. In this sense, Benjilali and Zrira found that the content 
of essential oils in rosemary leaves dried in the shade during a week is 
4 times greater than that of the fresh plant [19]. Studies carried out by Silou 
et al. and Bourkhiss et al. suggest that the increase in the concentration 
of essential oils expressed as dry matter weight during the 1st  days of 

Table 2: Antibacterial and antifungal activity of Rosmarinus officinalis L. essential oils

Microorganisms/
Dilution

1/50 1/100 1/200 1/250 1/500 1/1000 1/1200 1/3000 1/5000

Pseudomonas aeruginosa − − + + + + + + +
Xanthomonas fragariae + + + + + + + + +
Staphylococcus aureus + + + + + + + + +
Botrytis cinerea − − − − − − − + +
Fusarium solani − − − − − − − − +

Table 3: Antibacterial and antifungal activity of Chenopodium ambrosioides L. essential oils

Microorganisms/
Dilution

1/50 1/100 1/200 1/250 1/500 1/1000 1/1200 1/3000 1/5000

Pseudomonas aeruginosa − ± + + + + + + +
Xanthomonas fragariae − + + + + + + + +
Staphylococcus aureus + + + + + + + + +
Botrytis cinerea − − − − − − + + +
Fusarium solani − − − − − − − − +

Table 1: Microbial strains tested and their origin

Strains tested Type Original
Bacteria

Staphylococcus 
aureus

Gram‑positive Laboratory thesis strain.

Pseudomonas 
aeruginosa

Gram‑negative Isolated at the Microbiology

Laboratory, Ibn Tofail 
University

Xanthomonas 
fragariae

Gram‑negative

Fungi
Botrytis 
cinerea

‑ Isolated at the Botany and 
Plant Protection Laboratory, 
Ibn Tofail University

Fusarium 
solani
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Fig. 1: Result of antibacterial and antifungal activity of essential oil of the two plants of two studied in mm (inhibition area included)

drying could be explained by physiological activity (enzyme reactions) 
important. Biosynthesis of essential oils continues and accelerates after 
harvesting of plant material in response to water stress [20,21].

Tables 2 and 3 show the results of antibacterial and antifungal activity of 
the essential oils of C. ambrosioides L. and R. officinalis L. It is noted that 
the essential oil of R. officinalis L. exerted a strong antibacterial activity 
where the concentration between 1/50 and 1/100 v/v was sufficient to 
inhibit the growth of P. aeruginosa and streptococci, whereas S. aureus 
and X. fragariae were resistant. The fungal strains of F. solani and 
B. cinerea were inhibited from 1/1200 v/v. with regard to C. ambrosioides 
L. essential oil: X. fragariae and P. aeruginosa were more resistant with 
an inhibition concentration of 1/100 v/v. B. cinerea was inhibited from 
1/1000 v/v, while F. solani was inhibited from 1/3000 v/v.

Antibacterial and antifungal activity was tested by the aromatogram 
method on P. aeruginosa, S. aureus, streptococci and X. fragariae, and 
on F. solani and B. cinerea. Fig. 1 shows the results of the effect of each 
plant’s essential oils on the different bacterial and antifungal strains 
tested.

With the exception of S. aureus which is resistant to both essential oils, 
the other microorganisms show a notable sensitivity. R. officinalis L. 
essential oil inhibition areas range from 1661.06, X. fragariae bacteria 
and Pseudomonas 1384.74 for two aeruginosa bacteria and range 
from 2122, 64, and 2826 mm for F. solani and B. cinerea fungi. For the 
essential oil of C. ambrosioides L., the inhibition areas two are 2289.06 
and 907.46, mm, respectively, for X. fragariae and P. aeruginosa; this 
area is between 907.46 and 4069.44 mm2 for B. cinerea and F. solani.

These results are consistent with those reported by various authors, 
who reported high activity of R. officinalis L. essential oil on filamentous 
fungi, protozoa and compare them with bacteria and yeast [22]. On 
the other hand, various studies on C. ambrosioides essential oil have 
reported antifungal activities on dermatophytes and other filamentous 
fungi such as Aspergillus, Fusarium, and Colletotrichum [23,24].

The results of antibacterial activity show a sensitivity of X. fragariae 
and P. aeruginosa and that S. aureus has a very high resistance potential 

against the antibacterial action of the two essential oils. This action 
is not surprising because it is carried out on several biocidal agents. 
This is consistent with a description made by several authors who have 
described S. aureus as a highly resistant bacterial strain, which could 
explain the absence of the effect of the essential oils of R. officinalis L. 
and C. ambrosioides L. in our study on this bacterium [25].

Differences in the sensitivity of Gram-negative bacteria to two extracts 
can probably be attributed to the structure and composition of the outer 
membrane which constitutes an impermeable barrier for many small 
molecules [26]. Chao et al. explained that these Gram-negative bacteria 
have a layer of peptidoglycan wedged between the plasma membrane and 
an external base of lipopolysaccharides and proteins. This structure can 
prevent the taking of oils or protect the peptidoglycan layer from oils [27]. 
In vitro sensitivity of strains in the presence of antibiotics is tested by 
the antibiogram method. Results are rated according to standards 
(R: Resistant strain, S: Sensitive strain, I: Intermediate strain) [28].

The antibiogram is a test used to perform a resistance profile against 
various antibiotics and to characterize the interest of studying the 
sensitivity of antibiotics in assessing the biodiversity of isolated strains. 
The diameter of the inhibition zone is shown in mm. Table 4 shows the 
results for the diameters of the inhibition zones obtained.

It is observed that the bacterial strains react differently to the 
four antibiotics tested, we find that the strains of X. fragariae and 
P. aeruginosa have a zone of <14 mm which explains their resistance to 
ampicillin, while the S. aureus strain is resistant to this antibiotic.

We note that the strains of X. fragariae and P. aeruginosa show 
increased sensitivity to tetracycline with an area >19  mm, while it 
has no noticeable effect on S. aureus. The strains of X. fragariae and 
P. aeruginosa are resistant to erythromycin with an area of <17  mm, 
except that S. aureus has an increased sensitivity to this antibiotic. 
Similarly, strains of X. fragariae, P. aeruginosa, and S. aureus are 
susceptible to CIP.

CONCLUSION

This study is the first to provide data on the valorization of essential 
oils of C. ambrosioides L. and R. officinalis L. It appears that these two 
medicinal plants have a strong antibacterial activity and antifungal. 
C. ambrosioides L. and R. officinalis L. essential oils could be used as 
preservatives in food products to protect them from microbial or fungal 
deterioration.
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Table 4: Resistance profile of bacterial strains to antibiotics

Strains Antibiotic

AMP10 TE E15 CIP
Xanthomonas fragariae R S R S
Pseudomonas aeruginosa R S R S
Staphylococcus aureus S - S S
E15: Erythromycin, CIP: Cefotaxime, TE: Tetracycline, AMP10: Ampicillin
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